Simultaneous detection of the ‰uoroquinolone antibiotics cipro‰oxacin, enro‰oxacin, o‰oxacin, and nor‰oxacin in eggs by a combination of supercritical ‰uid extraction (SFE) and high pressure liquid chromatography (HPLC) was studied. Lipid matrices that have been considered to result in poor extraction and isolation of ‰uoroquinolones in eggs were removedˆrst by SFE with supercritical CO 2 alone, and then the ‰uoroquinolones were extracted by SFE with supercritical CO 2 containing 20% (v W v) methanol for HPLC analysis. A time-course study of the extraction of lipid matrices of eggs suggested that the SFE method successfully removed the matrices within 20 min. When the ‰uoroquinolones added to control eggs were extracted by SFE, the extraction e‹ciency was similar to that by the solvent extraction method, giving the recovery percentages from 83 to 96% in a 40 min-extraction time. The ‰uoroquinolones extracted from eggs by SFE were analyzed simultaneously by HPLC equipped with a ‰uorescence detector with detection sensitivity at about 10 ppb for the detection limit. The standard calibration proˆles of ‰uoroquinolones showed linear responses to HPLC, showing more than 0.995 for the mean r 2 value. This is theˆrst report of the simultaneous measurement of ‰uoroquinolones in eggs by a combination of SFE and HPLC. Using the SFE method allowed us to avoid extensive sample preparation such as solvent extraction and chromatographic cleanup that are basically required in extraction of ‰uoroquinolones.
Fluoroquinolones are synthetic antimicrobial agents that have found wide application in human and veterinary medicine. 1, 2) They are active against gram-negative as well as gram-positive bacteria by inhibiting DNA topoisomerase. 3, 4) The intensive use of ‰uoroquinolones has raised concern about their residues being found in livestock and food products, since the possibility of food consumers being exposed to the antibiotics was increased. One of the major concerns due to the antibiotics includes allergic reactions, antibiotic-resistant bacteria introduction into humans, and human illnesses such as aplastic anemia. [5] [6] [7] Additionally, there is a possibility that longterm exposure to the antibiotics even at low levels can result in adverse eŠects that remain unknown. To prevent any health problem with consumers, regulating the use of the antibiotics in food products is considered to be an important eŠort. Therefore, study of reliable analytical methods to monitor the antibiotic residues in food supply has been increasingly required.
A microbiological assay has been accepted as a general method to measure antibiotics in food and livestock products, [8] [9] [10] but shows low detection speciˆcity and poor quantiˆcation. Alternatively, high pressure liquid chromatography (HPLC) and gas liquid chromatography (GLC) methods have been well demonstrated to measure antibiotics quantitatively and sensitively. 11, 12) These methods are based on the detection by ultraviolet, 13) ‰uorescence 14, 15) and photodiode array detection. 16) Thinlayer chromatography (TLC) and a mass spectrometer (MS) method also have been reported. 17, 18) The supercritical ‰uid chromatography (SFC) method has been introduced for a more economical approach to analysis as compared to HPLC and GLC. 19) In antibiotic analysis by instrumental methods, the experimental steps that are basically required include extensive sample preparation such as solvent extraction and chromatographic cleanup. Considering experimental problems that could arise during sample preparation, lipids and proteins in biological samples have the potential to form emulsions and foams with the extraction solvent, 20) which can result in poor analysis of antibiotics. These problems, for example, are commonly found in egg samples. Eggs are a di‹cult food matrix to analyze because of signiˆcant binding between the lipoprotein matrices of eggs and antibiotics, resulting in di‹cult isolation and separation. Therefore, lipid and protein matrices in egg samples should be removed before analysis. A promising approach to remove properly the problematic matrices is to use supercritical ‰uid extraction (SFE). The SFE method oŠers an alternative to solvent extraction. The advantages and applications of using SFE have been well demonstrated for the analysis of pesticides in food and biological samples. [21] [22] [23] [24] [25] Taken with these studies, using the SFE method could reduce sample processing time as well as solvent consumption.
In this study, we reported a simultaneous measurement of the ‰uoroquinolone antibiotics cipro‰oxacin, enro‰oxacin, o‰oxacin, and nor‰oxacin in egg samples by a combination of supercritical ‰uid extraction and high pressure liquid chromatography. Lipoprotein matrices were removedˆrst from eggs by SFE with CO2 alone, and then ‰uoroquinolones were extracted by SFE with CO2 plus a modiˆer such as methanol and measured by HPLC with a ‰uorescence detector. We analyzed these antibiotics simultaneously, since they have been used together in livestock products in Korea.
Material and Methods
Chemicals. Enro‰oxacin (99.2z) and nor‰oxacin (100z) were purchased from Merck (Darmstadt, Germany). Cipro‰oxacin (100z) was kindly supplied by Jailjedang (Seoul, Korea). O‰oxacin (100z) was purchased from Sigma (St. Louis, MO, USA). All solvents used in this study were obtained from Yakuri (Japan). All chemicals and solvents were analytical grade, unless otherwise stated. The chemical structures of ‰uoroquinolones tested are shown in Fig. 1 .
Egg samples.
Control eggs without any antibiotic tested in this study were kindly supplied by the college of veterinary medicine, Chonnam National University, Gwangju, Korea. Yolks and whites were removed from the eggshells, fortiˆed with mixed antibiotic standard at 1.0 mg W ml each and then homogenized thoroughly. The homogenized samples were transferred to a stainless vessel, then boiled for 5 min to give gel-like samples. The samples were then dried in an air-‰ushing dry oven at 709 C for 10 min. To test the chemical stability of antibiotics during the boiling and drying of the samples, the homogenized samples were also freeze-dried and used for experiments. The samples were stored at -209 C until use, if necessary.
Extraction. Sample extractions were done by supercritical ‰uid extraction (SFE) and solvent extraction methods. One gram of the dried samples obtained above was transferred to an SFE vessel. The samples were extractedˆrst by SFE with CO2 alone at 609 C and 300 atm to remove lipoprotein matrices from egg samples. To test the extractability of the lipids, the time-courses of extractions were examined by measuring the weight of the matrices extracted. The extracted matrices were collected every 4 min up to 40 min of total extraction time by inserting the outlet of a SFE restrictor in pre-weighed glass vials containing 5 ml of hexane, and the solvent was evaporated by a gentle nitrogen stream in a ventilated hood. The vials were then weighed after drying. The diŠerent in the weight of the vial between preweighed and dried was taken as the weight of the lipid matrices. Additional extractions for ‰uoroquinolones by SFE were done with CO2 containing 20z (v W v) methanol as a modiˆer under the same conditions. In preliminary experiments to decide on the SFE conditions, these conditions were found to give optimal extraction. The extracted ‰uoroquinolones were collected by inserting the outlet of the restrictor into a 100-ml evaporation ‰ask containing 10 ml of methanol, and heated at 409 C. The solvent was removed by a vacuum evaporator at 409 C, and the residue was diluted with methanol properly for HPLC analysis.
For solvent extraction, the samples were extracted as described previously. 16) The homogenized samples were transferred to a centrifuge tube with 5 ml of methanol-1 M HCl and extracted on a shaker at 300 rpm for 30 min. The samples were then centrifuged at 5,600×g for 5 min. The resulted supernatant was puriˆed on a C18 cartridge column washed previously with 10 ml of water. The cartridge column was washed with 10 ml of water, and then ‰uoroquinolones were eluted with 4 ml of 1 mM monopotassium phosphate (pH 2.5) containing 50z (v W v) methanol. This cleanup step was repeated twice to give better cleanup, if necessary. All experiments were done in triplicate, unless otherwise stated.
Apparatus. Jasco Model PU980 pumps (Japan), with one for pure CO2 and the other for methanol, were used for SFE extractions. The pumps were connected to a 10-mL stainless SFE vessel 10 mm in O.D. and 15 cm in length. The vessel was placed in a Jasco Model 965CO column oven chamber to maintain the extraction temperature. The ‰ow rate and pressure of supercritical ‰uid during extractions were maintained by the restrictor (Model 880-81, Jasco) at 3 ml W min and 300 atm.
A Shimazdu Model LC10AD (Japan) high pressure liquid chromatography (HPLC) equipped with RF LC10A ‰uorescence detector was used to analyze samples. Fluoroquinolones were detected at 290 nm of excitation wavelength and 450 nm of emission wavelength. The samples were eluted and separated on a Waters Novapak C18 stainless column (particle size 4 mm, 3.9 i.d.×300 mm) by a mobile phase consisting of 4 mM phosphoric acid W methanol W triethylamine (70 W 25 W 5, v W v W v, pH 3.5) with a ‰ow rate of 1.0 ml W min.
Measurments. All HPLC injections were 20 ml volume sizes. The ‰uoroquinolone samples obtained above were injected in to the HPLC apparatus, and their concentrations were measured by comparing retention times to calibration curves of working solutions of their standards. The stock solutions of each ‰uoroquinolone standard were prepared by completely dissolving 10 mg of each standard in 100 ml of methanol and sonicating for 10 min to reach aˆnal concentration of 100 mg W ml. The working solutions for HPLC injections were prepared from serially diluting the stock solutions in 4 mM phosphoric acid (pH 3.5) containing 50z (v W v) methanol. Standard calibration curves were obtained by injectingˆvelevel concentrations of the working solutions and measuring the peak areas of their chromatograms. The ratio of signal to noise (S W N) was 3. Statistical analysis was done using a Microsoft Excel program with version 5.0.
Results and Discussion
Supercritical ‰uid extraction Biological samples such as eggs and animal tissues are di‹cult analytes in drug analysis, since they have the potential to form signiˆcant emulsions and foams with extraction solvent. In particular, eggs consist of two main compositions that are albumen in white and ovum in yolk. The albumen is basically colloidal, containing globular glycoproteins. More complex lipoprotein matrices are found in the ovum. The ovum contains high-density lipoproteins as well as low-density lipoproteins that form micellar protein solutions during drug extraction. These matrices are considered to result in the poor extraction and isolation of ‰uoroquinolones. 20) We used the supercritical ‰uid extraction (SFE) method to overcome these experimental problems. The lipid matrices of eggs could be removedˆrst by SFE with supercritical CO 2 alone. When the relative percentage of the matrix weight at every 4 min to the total matrix weight during the 40-min extraction time was calculated, it took about 20 min to reach at least 80z of extraction recovery. No ‰uoroquinolones tested were detected in the matrix extracts, suggesting negligible extractions of the ‰uoroquinolones by supercritical CO2 alone (Fig. 2) . Decreasing the percentage of the matrix weight during extractions suggested the removal of the matrices from egg samples more and more, giving approximately 90z of extraction recovery in about 30 min.
After the lipid matrices were removed, the ‰uoroquinolones were then extracted from egg samples with supercritical CO2 containing 20z (v W v) methanol as a modiˆer. When the ‰uoroquinolones added to control eggs were extracted by SFE, o‰oxacin and enro‰oxacin had approximately 91 to 94z recovery percentages within 16 min (Fig. 3) , suggest- ing successful extraction of the quinolones by SFE. Slightly lower recovery percentages for the extractions of cipro‰oxacin and nor‰oxacin than o‰oxacin and enro‰oxacin were observed, approximately 62 to 66z within 16 min. These results were suggested to be due to the diŠerence in their chemical structures ( Fig. 1 ). Considering their chemical structure, cipro‰oxacin and nor‰oxacin are cyclic diamine piperazine pipermidic acid with ‰uorine at C-6 position. In comparison, one amine of diamine piperazine is replaced by a more nonpolar alkyl group for enro‰oxacin and o‰oxacin. Therefore, more nonpolar ‰uoroquinolones such as enro‰oxacin and o‰oxacin were suggested to be extracted more easily by SFE as compared to less nonpolar ‰uoroquinolones such as cipro‰oxacin and nor‰oxacin. To reach more than 83z of the recovery percentage for cipro‰oxacin and nor‰oxacin, it took about 32 min.
Supercritical CO2 is considered to be a nonpolar solvent with a polarity similar to hexane, which gives good extraction for nonpolar matrices such as lipids. [26] [27] [28] In our study, using SFE allowed us to remove lipid matrices that have been considered generally to result in poor extractions of ‰uoroquinolones. The ‰uoroquinolones added to control eggs were also extracted by the solvent of 1 M HCl-methanol to compare with the SFE method. When the samples were extracted by SFE, the recovery percentage values were as follows (means±SD, n＝3); 76.1±1.7 for cipro‰oxacin, 96.8z±1.4 for enro‰oxacin, 93.7z±1.2 for o‰oxacin and 72.7z±0.8 for nor-‰oxacin, respectively, which was similar to the value by the solvent extraction method (Fig. 4) . This suggests that the SFE has good extraction e‹ciency, similar to a conventional method using solvent. With regard to time and solvent cost saving, however, SFE would be a more useful method than solvent extraction. More extraction steps such as sonication and centrifugation as well as chromatographic sample cleanup were required in solvent extraction for better analyzing and separation samples by HPLC. By using the SFE method, we could skip these steps to give recovery percentages similar to those for the solvent method. Therefore, SFE is believed to be a reliable method not only to remove lipid matrices, but also to extract ‰uoroquinolones from egg samples. 
Sample drying
In SFE extraction, water contained in the analyte has been known to aŠect the extraction process, since it causes mechanical problems such as restrictor plugging. 29, 30) Variable drying agents have been reported to avoid the mechanical problem due to restrictor plugging. 31) However, there are a lot of limits in using the drying agents, because they must have the following characteristics; 1) high water retention capacity, low cost, high density for packing vessels, nonhazardous, and stable under high pressure and temperature. 31 ) Furthermore, they should not retain analytes during extraction.
In this study, we tried oven drying at 709 C for sample extractions. To ensure the avoidance of thermo-chemical degradation of ‰uoroquinolones during oven drying, a freeze-dried sample was used as comparative control. Fluoroquinolones from both ovendried and freeze-dried samples were extracted and measured as described in the previous section. The recovery percentages of ‰uoroquinolones from the samples were the same regardless of drying method (data not shown), suggesting no thermo-chemical degradation of ‰uoroquinolones during sample preparations. When anhydrous sodium sulfate was used as alternative drying agent, approximatelyˆve times the sample amount of the sodium sulfate was required to give suitable drying. However, these amounts of sodium sulfate resulted in poor extraction recovery of ‰uoroquinolones, since it retained analytes, as discussed in a previous study. 31) In our study, by boiling eggs for 5 min to give gel-like samples and drying at 709 C for 10 min to remove water, we could extract and analyze the ‰uoroquinolones in egg samples successfully (Fig. 2) Calibration curve and detection limit The standard calibration curve of each ‰uoroquinolone was obtained by measuring peak areas of HPLC chromatograms of the standard working solutions. Five-level injections of the solutions were done with concentrations from 0.003 to 0.1 mg W ml. The calibration curve of each ‰uoroquinolone showed good linearity with more than 0.995 for the mean r 2 value (n＝3). The slope values of the calibration curves were about 11.51 with 0.46 of y-intercept for cipro‰oxacin, 8.44 with 0.44 of y-intercept for en-ro‰oxacin, 7.58 with 0.03 of y-intercept for nor‰oxacin, and 4.37 with 0.26 of y-intercept for o‰oxacin. When the standard calibration curve was prepared together among the ‰uoroquinolones, good dispersion of the standards on the curve was also obtained, suggesting the possibility for simultaneous calculation of the ‰uoroquinolones in samples.
The detection limit of each ‰uoroquinolone was calculated as follows; (A×1 W B)×(C W D), where A represents the minimum detectable amount of the standard working solution by HPLC (ng), B represents the HPLC injection volume ( ml), and C and D representˆnal dilution volume (ml) and sample amount analyzed (g), respectively. The low detection limit of ‰uoroquinolones in samples was approximately 10 ppb, which was not signiˆcantly diŠerent between ‰uoroquinolones tested, showing the sensitivity as high as the previous study. [12] [13] [14] 16) Among the ‰uoroquinolones tested, cipro‰oxacin showed the best detection sensitivity, but the lowest sensitivity for nor‰oxacin. In Korea, the ‰uoroquinolones tested in this study were usually used together on livestock product. Therefore, we tried to measure the drugs simultaneously. The retention times of the ‰uoroquinolones on HPLC column were 5.863 min for o‰oxacin, 6.565 min for nor‰oxacin, 7.433 min cipro‰oxacin, and 8.590 min for enro‰oxacin, respectively (Fig. 5) , showing good separation on HPLC column between the ‰uoroquinolones. These data suggest that our method could detect the ‰uoroquinolones simultaneously in egg samples.
Measurement of ‰uoroquinolones in marketed eggs
By using our method, we tested eggs obtained from a market in Korea to measure the ‰uoroquinolones. Figure 5 shows the data for control and sample eggs analyzed by HPLC. No detectable chromatogram peaks at the retention times of ‰uoroquinolones tested were observed in control eggs, showing a clear base line on HPLC chromatogram. In contrast, four unknown chromatogram peaks that were not seen in the control eggs were observed in the sample eggs. Although, the chemical structure for the unknown peaks was not exactly identiˆed, those were suggested to be the ‰uoroquinolones tested in this study, since they have the same retention times as the ‰uoroquinolone standards and did not show on the chromatograms at the retention times in control eggs. Among the ‰uoroquinolones tested, the concentration for o‰oxacin was below the detection limit. The concentrations for enro‰oxacin, nor‰oxacin, and cipro‰oxacin found in eggs were approximately from 10 to 40 ppb, giving safe levels as considered by the Maximum Residue Limit (MRL) of the European Union for enro‰oxacin in foodstuŠs of avian origin. 12) In summary, we report here simultaneous measurement of ‰uoroquinolones by a combination of supercritical ‰uid extraction (SFE) and high pressure liquid chromatography (HPLC). Using the SFE method could properly remove the sample matrices that have been considered to result in interference in extraction and isolation of ‰uoroquinolones. SFE method showed a reliable e‹ciency for extraction of ‰uoroquinolones, since the e‹ciency was similar to a conventional extraction method using a solvent. With regard to the solvent and time cost saving, using the SFE method for the extraction of ‰uoroquinolones was suggested to be economical and rapid. The freeze-dried sample analysis ensured that the ‰uoroquinolones tested in this study were stable during oven drying, suggesting a suitable method to remove water from samples for SFE extraction in this study. The ‰uoroquinolones were analyzed simultaneously with a detection limit of about 10 ppb by HPLC equipped with a ‰uorescence detector. Negligible diŠerences in detection limits among the ‰uoroquinolones tested were observed, suggesting the possibility that the ‰uoroquinolones could be measured simultaneously under the same experimental conditions for HPLC analysis in our study. With our limited knowledge, this is theˆrst simultaneous measurement of ‰uoroquinolones in eggs by a combination of SFE and HPLC.
